Consden, Gordon & Martin (1944) showed that all the naturally occurring amino-acids could readily be identified by means of partition chromatography on paper. Using the same methods it is shown in the present work that a number of amino-acids derived from cystine can also be identified as components of hydrolysates of wools which have been modified in various ways. Such hydrolysates have been examined for the following five amino-acids: cysteic acid, lanthionine, djenkolic acid, thiazolidine carboxylic acid and S-methyl cysteine. The production ofthese acids from cystine is represented schematically below: Table 1 shows the R., values of these amino-acids in various solvents.
Cysteic acid
Of the common amino-acids this is the slowest moving in phenol-NH3 and hence a one-dimensional chromatogram suffices to reveal its presence (P1. 5a). It does not appear to occur in that part of A8, aspartic acid; Cy, cystine; Dj, djenkolic acid; Glu, glutamic acid; Gly, glycine; IL, i8oleucine; La, lanthionine;. L, leucine; Ly, lysine; M, methionine; #AI, phenylalanine; P, proline; Se, serine; Thiaz, thiazolidine carboxylic acid; Th, threonine; Ty, tyrosine; V, valine.
wool which in its natural state is close to the skin but occurs in small amounts in the tips of the fibres, where the wool has been exposed to weather and light (P1. 6). It is of interest that a small amount of cysteic acid, but no cystine, was found to be present in a piece of bath sponge, which is usually prepared by allowing the living sponge to rot in the sun. When dry wool is very vigorously agitated in benzene, a small proportion of the cuticle cells (scales) becomes detached. These were found to contain a relatively large amount of cysteic acid and it is reasonable to suppose that these scales come almost exclusively from the tips of the wool. As would be expected, commercial wool material, which of course includes the fibre tips, showed a small amount of -cysteic acid as a normal constituent. Lissizin (1928) isolated cysteic acid from human hair oxidized with permanganate, and many oxidizing agents readily convert cystine to cysteic acid (Friedmann, 1902; Andrews, 1933) . It would therefore be expected that oxidizing agents would convert some of the cystine of wool to cysteic acid (Elliott, Nilssen & Speakman, 1938 (Phillips, Middlebrook & Higgins, 1941 ) that part of the fibre which has been acted upon by the chlorine is dissolved. As is to be expected, the cysteic acid content of such wool was found to be lower than that of the correspondingly chlorinated wool. An alkaline extract of chlorinated wool, when acidified (pH <6), precipitates degraded protein material (Grieve, 1945) . Two-dimensional chromatography shows that this material is devoid of cystine and very rich in cysteic acid. lanthionine from the other amino-acids of a wool hydrolysate. However, a two-dimensional chromatogram using S-collidine in one direction and phenol-coal gas-NH3 in the other reveals its presence. Horn, Jones & Ringel (1941) first isolated lanthionine from alkali-treated wool and we also have been able to demonstrate the presence of this amino-acid in alkali-treated wool (cf. Cuthbertson & Phillips, 1945) . A small amount of lanthionine has also been observed in tips of virgin wool (P1. 6), and a larger amount in commercial flannel, probably due to alkaline scouring and subsequent heat treatment.
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Djenkolic acid
The same two-dimensional chromatogram which is used to reveal lanthionine will also show djenkolic acid. We have confirmed the production of this amino-acid in reduced wool treated with methylene bromide (Harris, Mizell & Fourt, 1942) or with formaldehyde (Middlebrook & Phillips, 1946) .
Thiazolidine carboxylic acid This acid moves faster in collidine than any of the common amino-acids (P1. 5b) and gives a yellow colour, with ninhydrin, which is slightly browner than that given by proline. Our findings on wools variously treated under different conditions with formaldehyde are given by Middlebrook & Phillips (1946) .
S-Methyl cysteine A strip, using n-butanol, shows the presence of this amino-acid as a spot in the gap between proline and valine (P1. 5c). We have thus confirmed the formation of S-methyl cysteine in bisulphited wool treated with methyl sulphate (Blackburn, Consden & Phillips, 1944) .
DISCUSSION
The identification of the foregoing amino-acids has been achieved by straightforward extension of methods previously employed. An interesting point, however, has arisen in the case of cysteic acid, which, when run in phenol without the addition of NH3 shows a complex spot with ninhydrin, the upper portion being strong pink, and the lower part blue-purple. The presence of ammonia in the atmosphere reduces the amount of pink and in collidine a simple blue spot is observed. The phenomenon is essentially similar to that of the faster moving 'pink fronts', due to combination of copper, present in the paper, with all the other amino-acids. We have shown that the slow running pink spot behaves identically with the zinc salt of cysteic acid. In an attempt to isolate cysteic acid from a chlorinated wool hydrolysate using a paperpowder column, the whole of the cysteic acid was converted to the zinc salt. No other common amino-acid appears to form such a stable zinc complex. SUMMARY 1. Methods are given for the identification, by partition chromatography on paper, of cysteic acid, lanthionine, djenkolic acid, thiazolidine carboxylic acid and S-methyl cysteine in protein hydrolysates.
2. Cysteic acid has been identified in samples of oxidized wool.
3. The presence of small amounts of lanthionine and cysteic acid has been demonstrated in the tips of virgin wool.
